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Abstract
The control system implementation for the cooling and ventilation facilities connected to the
LHC1 Project relies on the technical and human resources that are organised within large-size
industrial contracts. Beside the technical aspects, the follow-up of the implementation
activities in the framework of such contracts also involves a managerial effort in order to
achieve a flexible and coherent control system. The purpose is to assure precise and reliable
regulation together with accurate local and remote supervision in conformity with the
operational requirements. These objectives can only be reached by a systematic approach that
keeps the co-ordination between the in-house and external cross-disciplinary teams as well as
the fulfilment of the validation procedures and the contractual formalities. The case that here
illustrates this approach is the control system implementation for the heating, ventilation and
air conditioning of the LHC surface buildings, which shall extend up to 2004.
1 Large Hadron Collider
21 INTRODUCTION
The classic scheme of designing and implementing process control systems for the CV2 facilities was
based in the analysis and implementation of specific solutions for each process, with the aim of
optimizing the control of each individual process. The global environment that results is composed of
control systems from diverse generations, either home-made or developed in the industry; all of them
having to be operated, maintained, evolved and integrated. But in fact, the control arquitectures show
to be hardly ever compatible. The development and maintenance of diverse application software
becomes a real puzzle. The specific solutions offer a complete lack of flexibility when trying to answer
to the constant progress of the industrial manufacturers. In general, the result is a very restricted
capacity to meet the fast evolution of the surrounding environment, both in terms of new process
control requirements and in terms of new control systems components. Therefore, the classic schema
is not valid anymore. The CV control system projects have to be in accordance with a global vision of
the environment. Now, the aim is to optimize the control of the individual processes but keeping a
global and homogeneous control system solution.
From the study of the industrial control systems that are available and of normal use in the
process industry and by taking into account the specific CV process control requirements, it is possible
to conclude that standard industrial process control architectures can fulfil the requirements, without
the need of developing specific solutions. Additionally, these architectures offer more flexibility and
ease the follow-up of the technical evolution.
The effort of CV process control engineering has to be focused in establishing reference models,
in order to achieve coherence and homogeneity. The particular solutions have to be built by integrating
the reference models. The complexity of the CV processes should not result in complicated process
control systems.
This industrial approach allows facing the implementation of the new facilities for the LHC
with the available human resources, which are limited. The use of standard industrial tools and
solutions eases the collaboration with the industry. However, the work has to be organized
accordingly: the project phases and procedures have to be well adapted to the framework of large-
industrial contracts.
Fig. 1: CV control system architecture in the LHC era
2 Cooling and Ventilation
32 PROJECT MANAGEMENT KEY ISSUES
Some project management key issues, which are specifically dedicated to the large-industrial contract
frameworks, are presented here after. The control system projects for the CV installations are usually
included as an embedded element in this kind of contracts.
2.1 Strategy
Figure 2 shows the main stages that have to be followed from the conception and up to the time when
a CV installation becomes fully operational.
Fig. 2: Stages from the conception up to the operation of a CV installation in the framework of LHC contracts
The feasibility study and design phases of the CV projects are fully developed by the ST-CV
Design Unit, in close collaboration with the SPL Division for the administrative, commercial and
logistics issues. The output of the feasibility and design stages is the Technical Specification.
The Technical Specification is the document describing the purpose, scope and objectives of the
project. It must provide the firms that answer the Call for Tenders with a common understanding of
the problem to be solved. In addition to the technical aspects of the problem, the Technical
Specification contents some managerial issues as: an overview of the work to be carried out, a layout
of the allocation of resources, a suitable organization of work and the definition of the criteria for the
project control.
The Contract is the document that sets up the rules that drive the execution stage of the project
and the collaboration between CERN and the Contractor. The Contract represents the formal
establishment of a structure in terms of work and resources organization. It becomes a reference
document in all the aspects of the project management: strategy, organization and control. The
Contract applies up to the final acceptance of the installations.
2.2 Organization
The organization of these cross-disciplinary projects involves a high degree of complexity. These
projects can require human resources from several groups of the ST Division. At the same time, these
internal resources have to work in co-ordination with the project structure that the external Contractor
assignes.
2.2.1 CERN-Contractor partnership: the win-win relation
As the CERN’s use of industrial Contractors grows, clear project management strategies become








4Unfortunately, it is not always that simple; to be successful, it is required to find the right fit with the
external partner.
There are some complex problems inherent in managing an external workforce. In addition, as
shortages of skilled technical professionals grow, industrial Contractors in these fields may eventually
feel able to set many of the rules [1]. For the relationship to work, sound project management,
involving clear communication between all functions and levels in both organizations, is essential to
promote innovation, anticipate problems and prevent misunderstandings. The success of an industrial
Contract relationship hinges on three crucial components: fundamentals, investment and trust [2].
Fundamentals of a Contract relationship deal with such questions as: What exactly do you need
and want from a Contractor? And, which Contractors have the capabilities, experience, desire and
assets to meet the goals? The objectives have to be clearly established in the Technical Specification
and Contractors have to be carefully reviewed regarding those criteria. Particular scrutiny has to be
paid to a Contractor’s capabilities: is he skilled in the technology CERN requires? Does he have
offices and lab installations to support the early development? If yes, are these offices and labs
geographically close to CERN? Does he operate with International Standards to help develop quality
and performance procedures? Can their expertise and collaborators help us to achieve our goals
successfully?
The investment portion of a Contract relationship involves such questions as: Is the Contractor
truly committed to the project for the long term, or is their involvement opportunistic? What kind of
investment is the Contractor willing to make for the project success? And, does he have a good
understanding of the project? A commitment aspect that is harder to evaluate, but is vital, is the
Contractor’s degree of emotional investment. If a Contractor treats the project as one more technical
problem to be solved, then the project long-term success can be questioned. However, if the
Contractor is willing to collaborate, to make the project successful, then he becomes more than a
supplier –he becomes a strategically aligned partner.
Trust involves the firms’ philosophies and questions such as: What will the Contractor do to
earn and keep our trust? Is the Contractor ready to engage in a full partnership with us that both of us
will benefit from? Or even, will our intellectual property be protected? Today, we all have to be fast,
responsive and consistently deliver what our partners expect. Procedural issues are essential to
maintain trust within a contractual relationship. That is the reason why it is required to have a well-
written Contract that spells out the rights and obligations of both parties, so that no questions are left
unanswered.
The contract-driven project has a beginning, middle and end, with several stages that CERN
needs to work through with the Contractor:
• Linkage: A fit of capabilities and expectations bring CERN and the Contractor together.
• Negotiation: A deal is worked out concerning issues, such as capabilities, resources and
intellectual property, and the Contract is signed.
• Development: Technologies are developed, tested and refined.
• Implementation: Technology is applied, in pilot and production stages. At the end of the
stage, the provisional acceptance is issued.
• Maintenance: CERN and the Contractor resolve process and system issues during the
guarantee period of the installation, according to the terms of the Contract.
• Disengagement: The project is completed and the exit provisions of the Contract are
executed, for example the return of proprietary materials.
It is important to anticipate what will transpire throughout the project, and how to interface with
the Contractor at each stage:
- Who will choose the technical staff, and manage the cross-functional team during early stage
development? Will the personnel assigned to our project be full-time?
5- How will day-to-day communications be handled? Who will act as the Contractor’s Project
Leader?
- Does their Project Leader have a strong background on both the technical and management sides?
The Project Leader’s role is keeping the project on track as the client’s needs change and evolve.
The Project Leader focuses on the Contractor’s capabilities, skills, and resources to deliver what the
client needs in time. Also, as the project advances, the Project Leader should remain the focal point,
overseeing its development, and ensuring that all critical milestones are met by their deadlines. Upon
completion of the project, the client should count on a smooth transfer of the installations and their
documentation.
2.3 Control and quality procedures
The Contract follow-up has to assure the fulfillment of the Contract statements so that the installations
that CERN will receive at the end are in conformity with the requirements that were specified during
the Feasibility and Design stages. The follow-up of a Contract implies a control process of the
procedures that are being applied for the project development, including all the technical, safety and
quality aspects. In order to be efficient, it has to be a process continuous in time.
Hereafter, the activities that are attached to the detailed design and approval procedures, as well
as to the on-site installation works and the acceptance tests are described. They correspond to the
particular case of the control system implementation within the F300 Contract, which concerns the
ventilation facilities for the surface buildings of the LHC site [3].
3 THE DETAILED DESIGN AND APPROVAL PROCEDURES
3.1 Project documentation handling
Due to the large scale of the projects, the amount of documentation that has to be reviewed and
approved is enormous. Therefore, the documentation handling needs a well-structured approval
circuit, which is aimed for:
• avoid redundant document exchanges between the different members collaborating in the
project
• reduce the time required to get the approbation of each document
• profit as much as possible from the capabilities and experience of each collaborator by
assuring that each document is reviewed by the most suitable specialists, who are integrated in the
Control Approval Team
The CERN-Contractor dialogue only takes place between the CERN’s Works Responsible and
the Contractor’s Project Leader. The Works Responsible validates and merges the different comments
from all the members involved in the approval process in order to produce a complete, clear and
concise document to be delivered to the Contractor. This structure assures that the CERN’s Works
Responsible and the Contractor’s Project Leader are always kept informed of the current state of the
project.
The CV Project Leader is the CERN privileged person to manage the communication with the
client and the other CERN’s Groups, both inside and outside the Division.
In what concerns specifically to the control system, the Controls and Electricity section of the
CV Design Unit assumes the responsibility for the contract follow-up. The control activities are done
in close collaboration with the CV Operation Unit –which is in charge of the CV installations in a day-
to-day basis. These collaborations are essential since they allow the incorporation of all the relevant
opinions from the early stages of the project. Figure 3 shows the flow of information between the
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Fig. 3: Relationships layout of the Contract follow-up roles
3.2 Types of documents
From the documentation that follows the approval procedure, the following ones are the most relevant
for the control system engineering:
• Control/power cubicle wiring diagrams document: For each control cubicle, a document
describing the wiring design is issued. The volume of data that the document contents depends on the
complexity of the plant to which the cubicle is attached, arriving up to 300 pages of diagrams that
have to be individually reviewed by CERN. Consequently, the verification demands a lot of time
from the electrical specialists. Furthermore, it has to be done very carefully in order to assure the
electrical conformity, which has a direct incidence in the safety of the work areas and of the
installations.
• Control and software documentation: It includes all the documents describing the control
philosophy, as well as, the conception, architecture, design and implementation of the software. This
documentation also describes the user manuals and installation procedures attached to the Wizcon
SCADA3 stations and to any additional control software.
• Test description document: It presents an estimation of the resources, both in terms of
people and time, that are required for each of the validation tests that are planned on-site. It also
describes the nature and procedures of the test activities.
The quality of the final documentation of the project shall determine the maintainability,
flexibility and operability of the control system. Hence the need of allocating such a representative
amount of resources to the approval procedures.
3.3 Factory approval tests
Once the Functional Analysis, the Control Software Layouts and the Electrical Diagrams Documents
have been agreed with the Contractor and approved by CERN, the Contractor corrects the non-
conformities, and implements the electrical cubicles and the control software according to these
documents. Meanwhile, the mechanical works for the air handling units will be finished. Then, CERN
and the Contractor meet in the manufacturer’s factory to carry out the factory approval tests. The
description of these tests are documented and submitted to CERN some time in advance. The factory
approval tests include the visual check of the concerned cubicle itself, as well as several tests of the
control functionality. These are performed by means of simulating a ventilation process in a
specifically adapted control and monitoring platform.
3 Supervisory Control And Data Acquisition
73.3.1 Inspection of the cubicles
Before testing the control functionality and the regulation loops, the control cubicle or power cubicle
is submitted to the following inspection:
• Visual check of the cubicle, concerning the materials and components that have been used
and its conformity with what had been specified, both qualitatively and quantitatively
• Check of the assembly, fittings, positions, fixings and finishing of the components
• Check of cables and wires: quality of cabling and wiring, isolations, cables and wires
labelling
• Check of all the built-in components, their labels, their conformity with the documentation
• Check of the safety, the protection of persons, signaling devices
• In general, the conformity check between all the design documentation -layouts, schemas
and specifications- with the implementation of the cubicle
3.3.2 Tests of the regulation, control and supervision functionality
The Contractor is also required to implement a platform, which allows the simulation of the
ventilation process, and its operating conditions in order to validate the functionality without a
connected air-handling unit. Furthermore, during these factory tests the communication between each
PLC4 and their Wizcon supervisory station is assured. The control system functionality tests include:
• Tests of the control system inputs and outputs, analog and digital, simulating the
reading/actuation of their attached sensor/actuators
• Tests of all the regulation loops: temperatures and air flows are the most usually controlled
parameters
• Tests of the PLC control software functionality
• Check of the conformity between the implemented control and regulation algorithms and
the Functional Analysis
• Operating modes: local-remote, manual-auto, and the specific operating mode for the EJP5
periods
• Tests within Wizcon applications software: visual inspection of the process mimic
diagrams, are they user-friendly and well adapted to the operation requirements?;
workability of the programmed control functions; identification of malfunctions; individual
check of each defined alarm
• Communication tests between the PLCs and the Wizcon station.
4 THE ON-SITE INSTALLATION AND ACCEPTANCE PROCEDURES
The next stage starts after CERN has performed the factory tests and when the modifications to correct
the last eventual non-conformities and/or to introduce the required improvements have been completed
by the Contractor. At this moment the control/power cubicles have their full operational capabilities to
work; therefore, they are delivered and installed on the CERN site.
The air handling units with theirs ducting systems are already integrated in the building’s
architecture when the control/power cubicle arrives. The cabling and wiring of all the sensor and
actuator elements between the air units and the control cubicle are under the responsibility of the
Contractor, who has outsourced these works to a subcontractor. CERN is responsible for providing the
power and water supplies as required for the operation of the units.
4 Programmable Logic Controller
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procedures can start. The Contractor is responsible for providing all the equipment and tools that are
required for the testing activities and for the calibration of the equipment. CERN collaborates with the
Contractor in order to guarantee the necessary co-ordination so that the tests do not have a negative
impact on other activities or works. An additional motivation to follow accurately the on-site tests is to
learn about the critical aspects to take care of when operating the system. At this moment, all the tests
of temperature, airflow, pressures, power consumption measurements, the regulation and the process
time delays are performed with real operating conditions. At the end, the Contractor reports that the
facility is ready for commissioning. When CERN and the Contractor agree that the system is running
reliably, the provisional acceptance can be issued. It’s the beginning of the guarantee period, which
normally last two years.
After the provisional acceptance, the system has to run for a sufficiently long period, which can
vary between several weeks or months, so that the behavior of the system and its regulation loops can
be fully validated. During this period, other non-conformities can be reported and additional
improvements can be introduced, before a final acceptance is issued. Final acceptance will take effect
upon expiry of the two-year guarantee period, provided that the Contractor has met all his obligations.
4.1 Integration into the TCR remote supervisory system [4]
The integration into the TCR6 remote supervision is made from the Wizcon stations of our local
supervisory layer (see Fig. 1). CERN Services Ethernet TCP/IP7 network communicates the Wizcon
stations with the Technical Data Server of the TCR. A standard driver, which is called Equipment
Controller, is being developed and validated in order to support the dialogue between the two systems.
The Equipment Controller software module offers the capability of remote configuration. For
data coherence purposes, the TCR remote supervisory system is fully configured from an external
reference database, which contains all the technical parameters of the equipment data that is under its
supervision. The modification of a parameter in the reference database will automatically be taken into
account by means of a remote regeneration of the Equipment Controller’s configuration files.
A CERN cross-disciplinary team is in charge of the definition of the most suitable data for an
efficient remote supervision of the new facilities. Operation and design specialists from the ST-CV
and ST-MO Groups compose this team. The activities for the integration into the TCR are coordinated
by ST-CV in close collaboration with ST-MO. The external Contractor is responsible for the
Equipment Controller development and for the TCR data definition in the Wizcon applications.
5 CONCLUSIONS
The relationship between CERN and the Contractor when working within a large-size industrial
contract can become the critical factor for the project to succeed. Every Contractor brings a unique set
of capabilities to the table. In this context, our job is to come well equipped with a firm understanding
of our own needs, and to ask the right questions. The common goal during the contract life cycle is
matching the contributions of CERN and the Contractor, while minimizing duplication of efforts and
unpleasant surprises. Through open and honest collaboration, CERN and the Contractor can innovate
and compete. The right fit results in a relationship where both parties succeed, a win-win relationship.
The use of standard work procedures, with a special emphasis in those related to safety and
quality, are the key, so that the final control systems are well adapted to their requirements, mainly in
what concerns the accuracy and the reliability. Furthermore, we would like to stress the role of the
project documentation. The project documentation is absolutely vital so that success can be guaranteed
through each phase of the project’s life cycle, namely the development, implementation, validation,
operation, maintenance, and finally the dismantling. The documentation not only has to exist, but also
has to be clear, complete, concise and well adapted to its future use.
6 Technical Control Room
7 Transmission Control Protocol / Internet Protocol
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